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2.22 RADAR MODE

The purpose of the Radar Mode Decision Functiona Element (FE) is to simulate pilot
operation of theradar. The pilot makes decisionsrelating to the actual operation of the radar
set, including radar mode switching, pattern selection and pattern positioning. Simulation
of these decisions occurs two ways, through the default pilot decision logic and/or through
production rules.

The pilot decision model provides three radar mode selection options, scan, track while
scan (TWS) and single target track (STT). Electronically scanned array (ESA) radars are
not modeled but can be addressed via production rules. Each aternative has a value
function associated with it. These value functions are composed of multiple components,
influenced by different situational factors. Each value function is evaluated for the current
situation to provide scores for the candidate radar mode selections. The radar mode that
scores highest is the one that will be selected by the pilot.

The pilot model also makes decisions regarding selection of the radar scan pattern and
pattern position. The default pilot model will select from among predefined TWS patterns
when the desired modeis TWS. It will not adjust pattern size parameters (pattern azimuth
halfwidth and number of scan bars) for scan and STT modes. Default pattern parameters
are used in these cases. The pilot has greater decision making capability for radar pattern
positioning. The default behavior isto position the scan pattern so as to cover the target of
interest and as many other known hostiles as possible. The pilot will aso shift the position
of the pattern around the desired direction if the radar fails to make detections within afew
frames. If the pilot is attempting to lock up atarget using a STT antenna, he will place the
pattern center as close to the perceived target line of sight (LOS) to the target as possible.
Once lock is achieved, no further pilot input isrequired. TWS radars automatically place
the radar pattern to cover as many high priority targets as possible. If no tracks exist, the
pilot must decide where to center the TWS pattern, using logic similar to that used for scan.

The second method for controlling radar mode and pattern is through production rules.
Production rules are user written routines that are used to tailor the behavior of the
simulated pilots to correspond to study specific requirements. These routines may call
existing radar utility routines to set variables such as desired radar mode, desired pattern
and pattern position. Values of variables calculated in the production rules may override
the values calculated by the simulation, with the caveat that the production rule directive
may not be blindly accepted. For example, production rules values may be disregarded if
they are not consistent with events currently happening in the simulation (e.g. if production
rules direct the pilot to attempt STT lock on atarget that is not known to him).

Thisfunctional element only modelsthe decisions made by the pilot. Actual changesto the
functioning of the radar model itself occur indirectly asfollows. Changesto desired radar
settings cause the planting of aradar switch change event to simulate the delays associated
with physically changing radar controls. Execution of the switch change event actualy
changes the control inputs of the radar, which then begins responding to those inputs.

2.22.1 Functional Element Design Requirements

The Radar Mode Selection FE will simulate pilot operation of a gimballed (non-ESA)
radar. Thiswill be accomplished by simulating decisions for selecting radar mode, pattern
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and pattern position. This FE will only cover pilot decision making with regardsto desired
radar control settings. Effects of changes to the radar switch settings and the response of
the radar hardware to those changes are a part of the radar functional area and are outside
the scope of this FE. Pilot interaction with the newer ESA radar model will also not be
discussed in this section because any such interaction must be via production rules; there
is no default pilot behavior for ESA radars.

a

Thefirst radar operation decision will be to determine which radar mode to use.
Themodel will ssimulate two basic radar types, STT and TWS. Decisionsrelated
to radar operation will be simulated using one of two methods, the pilot decision
model or production rule control. In the case of radars with more than one
antenna, the pilot model will only make decisions for the first, or primary,
antenna. Management of subsidiary antennaswill be done via production rules.

An STT radar may operate in either scan or STT mode, the latter of which is
entered by obtaining radar lock on atarget. The decision to obtain radar lock for
STT antennasis made at the pilot posture level for primary antennas or through
production rules for both primary and subsidiary antennas. To simulate the
setting of switches and the manual movement of the radar, actual lockup is
delayed until aminimum time delay has expired. The actual lock up occurs after
thistime delay if the signal to noiseratio (SNR) exceeds a minimum value on a
subsequent successful target detection. Oncelocked, the radar beamis slaved to
thetarget position, not requiring any further pilot input. No other targets may be
detected by the radar while locked.

The loss of radar lock due to a number of sources is also simulated. Upon loss
of lock, the radar returns to the mode that it was in before it entered STT and
will again be managed by the pilot. The pilot may also decide to manually
switch from STT mode to scan mode. A pilot decision to break lock will occur
if he has locked onto a friendly or if he has chosen another target during his
weapon selection decision. Production rules can be used to turn an STT antenna
off, put it into scan mode, or attempt to lock up on a specified target in STT
mode. Production rules can also be used to put an antennainto close-in-combat
(CIC) or velocity search submodesiif they are available.

A TWS radar may operate in scan, STT or TWS modes. The pilot may decide
to switch between scan and STT modes aswith an STT radar, or he may choose
TWS as his radar mode. The factors that influence the pilot to choose TWS
mode are similar to those for choosing scan mode. The differentiating factors
that may cause TWS mode to be chosen over scan mode are the existence of
target tracks and missiles requiring radar support.

The second radar operation decision to be made will be which radar pattern to
use. The pilot decision model will be limited to choosing radar patternswhenin
TWS mode. When changing the TWS pattern the pilot will select the pattern
that he believes will cover the greatest number of known hostiles. A default
pattern isimplemented from the data input file when using scan. The choice of
scan radar patterns is greater if production rules are used. Radar pattern
parameters can be set for either scan or TWS mode by the production rules.
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f.

The third radar operation decision is where to place the radar pattern center.
Options will exist for using the pilot decision model in scan, TWS and STT
modes or using the production rules to set the radar pattern center.

In scan mode, the pilot positions the radar pattern depending on availability of
GCI information, desire to lock on a target, or in response to failure to make
detectionsin the current position. If the pilot isfollowing a GCI vector, he will
center the pattern in the direction indicated by the most recently received GCI
message, which will have included a bearing to the target. If the pilot has a
specific radar target in mind, the pattern will be centered as close to the pilot’s
estimate of the target’ s position as the radar antenna’s FOR limits allow. If the
pilot cannot quickly establish lock or is having trouble making detections in
scan mode, he may shift the radar pattern center about the current setting.

In STT mode, the placement of the radar pattern center isan automatic function
of the radar hardware, and will not require any pilot input once the radar has
locked up. In TWS mode, the pilot will choose the radar pattern placement if
no established tracks exist or if he has selected atarget but hasno TWStrack on
it. If the pilot has a selected target, he will attempt to place the TWS pattern
center on thetarget’ sposition. If no target has been selected, the pilot placesthe
pattern center the same as he would for scan mode. If at least onetrack existsin
the track bank, then an automated procedure is modeled that attempts to
maximize the number of known targets that can be tracked.

Production rules may also be used to define the placement of the radar pattern
center. Algorithms for pattern placement will be supplied by the user in this
case.

2.22.2 Functional Element Design Approach

Pilot operation of the radar can be decomposed into the following design structure.

1. Set the desired radar mode.

1.1 Allow user defined code to set the radar mode.
1.2 Brawler pilot model decides the radar mode.
1.2.1 Pilot evaluates using single target track (STT) mode.
1.2.2 Pilot evaluates using scan mode.
1.2.3 Pilot evaluates using track while scan (TWS) mode, if available.

2. Set the radar pattern.

2.1 Set radar pattern if changing to scan mode.
2.2 Set radar pattern if changing to TWS mode.
2.3 Set radar pattern if changing to STT mode.

3. Set the radar pattern position.

Subroutine selrdr acts as the executive routine for this functional element.
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Design Element 22-1: Determine Method for Decision

A check is first made to see if the production rules will determine the desired radar mode
selection. If the production rules do not control the desired radar mode selection, the pilot
will make the radar mode selection decision, in which case value functions are evaluated
for each of the three radar modes, STT, scan and TWS. The values are a combination of
several components, each an award or penalty for agiven situation or condition such asthe
range to the nearest hostile or the selection of aweapon requiring radar support.

Design Element 22-2: Allow User Defined Code to set the Radar Mode

Subroutine rrrule handles the production rules control of radar antennas. Control of the
radar antenna may include selection of the desired radar mode, desired radar pattern
selection, or selection of the desired radar pattern position. The radar mode desired by the
production rulesis set unless doing so would result in loss of illumination for a semi-active
missileintheair. The production rulerequest isalsoignored if STT has been requested for
atarget not in the mental model or not perceived to be hostile, unless the CIC submode is
active. The STT/CIC combination is allowed, as this simulates an auto-acquisition mode
where the radar searches in CIC mode and automatically transitions to STT at the first
detection.

Design Element 22-3: Brawler Pilot Decides the Radar Mode

The smulation of the pilot making a radar mode selection decision is contained in
subroutine selrdr though calls to rrsttv and vscan, that evaluate the value functions for
being in scan, STT and TWS radar modes. Subroutines rrsttv and vscan are detailed below.
After all of the possible modes are scored, the highest scoring alternative becomes the
desired mode.

Once the radar mode val ues have been assigned, the radar mode with the highest score will
be chosen by the pilot. The desired radar mode selection is then recorded in the pilot’s
mental model. Note that this is a recording of desired mode change, not actual mode
change. The actual mode change occurs elsewhere in Brawler, after an appropriate delay
has elapsed, simulating the time for the pilot to manipulate the radar cockpit
Instrumentation switches.

The desired radar pattern and pattern position will also be set either through production
rules or through the pilot decision model. If they are set through production rules, the values
from theruleswill be recorded asthe desired valuesin the pilot’ s mental model. Depending
on the selected radar mode, an automatic selection of desired radar pattern position may
occur. Automatic selection occurs in STT mode when a target is locked on and in TWS
mode if avalid track exists. The pilot decision model will choose the desired radar pattern
and pattern position the remainder of the time.

Design Element 22-4. Pilot Evaluates Using Single Target Track (STT) Mode
Subroutine rrsttv evaluates the value function for locking up in STT on aspecified aircraft.

The value function is evaluated for each hostile known to the pilot. The value function for
attempting to lock up in STT isinfluenced by the following factors:
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J.  Hysteresis- isthe target the current lock choice? The amount of points accrued
depends upon whether or not lock has been achieved.

k.  Estimated ability to achievelock. Thisisafunction of the estimated chance of
acquiring the target due to uncertainty in target elevation angle and elevation
angular rate.

[. A reward for the candidate being the current target of a weapon requiring radar
guidance.

m. A bias against targets that may exceed the field of regard limits.
n.  Consistency with the weapon-target selection.
0. Consistency with flight tactic orders.

Design Element 22-5: Pilot evaluates using scan mode

Subroutine vscan evaluates the value function for being in radar scan mode. The scan value
function consists of two components. These components are influenced by rangeto hostiles
and scan volume.

The value of the scan aternative is primarily afunction of rangeto hostiles. At long ranges
the scan value isalways very high. At shorter ranges the val ue functions have been tailored
so that the scan value exceeds the value of alock aternative when the candidate target is
still at least ten seconds from presenting a firing opportunity. The motivation isto stay in
scan mode to gather information on other aircraft for aslong as possible.

The scan mode alternative receives an additional scoring component that attempts to
capture the ‘information’ value for being in scan mode versus STT and TWS modes. This
additional value is based on the volume of the applicable scan pattern. Thisterm will give
added weight to the scan alternative if its scan volume is larger than that for TWS, while
the antenna is in TWS mode. The longer the pilot remains in TWS mode, the larger this
additional score for scan becomes. The motivation being that the pilot is denying himself
information by remaining in the smaller scan volume associated with TWS mode. Similarly
if thepilotisin STT mode, both TWS and scan will receive additional ‘information’ score
since their scan volumes are larger than the STT scan volume.

Design Element 22-6: Pilot Evaluates Using Track While Scan (TWS) Mode

Subroutine vscan al so evaluates the value function for beingin TWS mode. The TWSvalue
function consists of three components. These components are influenced by the following
factors:

The range to known hostile targets.

The size of the scan volume, compared to scan volume size of other modes.
The number of tracks already established in the track bank.

Whether or not currently selected weapon requires STT support.

Whether or not currently selected weapon will be launched command guided.
Existence of atrack on the currently selected target.

Orders to attack a specific aircraft.

Q@rpopoTw
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h. Missilesintheair that require data link updates.

The first value function component for being in TWS mode is set equal to the first
component of the scan value function, based on range to hostiles. The second TWS value
function component is afunction of scan volume (see scan value function component 2 in
the previous design element description). The third component may receive separate
awards due to each of the factors c-h listed above. The motivation for the first two
components is the same for the first two components of the scan value function. The
motivation for awarding value for the third component is to bias TWS over scan mode
when target tracks exist and missiles require support.

Design Element 22-7: Set Radar Pattern if Changing to Scan Mode

Subroutine dessca records a pilot's intent to place aradar in scan mode. When the desired
mode is scan, the desired pattern width and number of bars are set to the default values for
thisantenna. The pattern azimuth and elevation are also set to their default values, with the
expectation that they will be reset in subroutine rdrelv, if necessary. These default values
are read in from the SCNRIO file during initialization and may be different for each
antennaand each radar. If production rules control the radar pattern or pattern position, the
values from the production rules will be used in place of the default values.

Design Element 22-8: Set Radar Pattern if Changing to TWS Mode

Subroutine destwsrecordsapilot'srequest to place aradar in TWS mode. When thedesired
mode is TWS, the pilot will select the TWS pattern that he believes will cover the largest
number of hostiles. The pattern azimuth and elevation are reset to their default values, with
the expectation that they will be reset in subroutinerdrelv, if necessary. If production rules
control the radar pattern or pattern position, the values from the production rules will be
used in place of the default values.

Design Element 22-9: Set Radar Pattern if Changing to STT Mode

Subroutine desstt records apilot'sintent to place aradar in STT mode. Entering STT mode
is modeled as requiring a finite time to complete, due to switchology and acquisition
delays. The average time required to achievelock, given an adequate signal return from the
target, is part of the antenna characteristics data and is read in during initialization. This
functional element just records the pilot’s intent to go into STT and computes the earliest
time at which lock can be achieved.

Design Element 22-10: Set Radar Position

Thealgorithm used to determine the desired azimuth and elevation of the center of the radar
scan or TWS pattern depends upon the desired mode for the radar. If an antennais to be
put into scan mode, the positioning of the radar pattern will be determined by severa
factors. If the pilot is being vectored by GCI/AWACS controllers, the pattern will be
centered along the target bearing received from the controller. If the pilot desires to lock
up in STT or has selected atarget, the pattern will be centered on the pilot’ s estimate of the
target’s position. In either case, atest is performed to determine if the desired direction is
within the antenna’s gimbal limits. If so, that direction is used. If not, the pattern is
centered against the gimbal limit as close as possible to the desired direction. Lacking these
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controlling factors, the pattern will point at the azimuth and elevation default values
specified in the SCNRIO input file. Brawler also simulates the fact that pilots will not
search their selected portions of the sky indefinitely, but will occasionally move the scan
pattern. The pattern will also be moved if the pilot is attempting to center the pattern on a
chosen target and fails to make aradar detection within two frame times.

If an antenna is already in STT mode and the target being tracked is within the gimbal
limits, the radar isautomatically positioned to point at the target and no decision by the pilot
isrequired.

If an antennaisin TWS mode, positioning of the pattern is done by the pilot when the radar
first enters TWS, since there are no TWS tracks at this time. Once tracks have been
established, the radar will automatically center the pattern. If the pilot has selected atarget,
that target is outside of the currently established TWS pattern, and no SFD or TWS track
of thetarget exists, the pilot will switch the radar into manual TWS positioning. The pattern
will be positioned centered on the target's perceived position. Once a track has been
achieved, the radar will again automatically position the scan pattern. TWS pattern
positioning can aso be controlled through production rules.

Thisfunctiona element isimplemented under subroutine rdrelv.
2.22.3 Functional Element Software Design

This section contains the software design that implements the functional element
requirements and the design approach defined in the preceding sections. The first
subsection describes the subroutine hierarchy and describes how the subroutines work to
make the radar operation decisions. The remaining subsections contain functional flow
diagrams and describe all of the significant operations represented by each block in the
diagrams.

Radar Selection Subroutine Hierarchy and Description

The major routines comprising the radar selection algorithm and their purpose are given
below with the indentation of the routine name used to indicate the level of the routine
within the calling tree.
selrdr- radar mode decision executive

rrrule - handles production rule directives for radar control

rrsttv - evaluates value function for being in STT mode

vscan - evaluates value functions for being in scan and TWS modes

dessca - records a pilot’s request to place aradar in scan mode and selects the radar
pattern

destws - records apilot’srequest to place aradar in TWS mode and selects the radar
pattern

desstt - recordsapilot’sdesireto lock up hisradar in STT mode
rdrelv- positions aircraft radar antennain azimuth and elevation

Update: 12/31/97 2.22-7 BRAWLER

DRAFT



6.3.4.4 » Radar Mode

DRAFT

ASP-11 for BRAWLER

A number of secondary and utility subroutines are used in the situation update process as

described below.

anytrk Determines if the specified avionics device has a track on the
specified target.

asstgt Gets target assigned to pilot by flight leader.

cicang Createsanew radar frame rotated 90 degrees about the x-axisfor use
in CIC mode.

ckrngi Checksto seeif avariableisin the alowed range.

Cross Calculates the cross product of two 3-vectors.

des rdr_off Records apilot’s desire to turn aradar antenna off.

ftkany Fills the /tracks/ data structure with the contents of the trackbank of
the specified device, or SFD if the aircraft is carrying one.

gcum Evaluates anormal distribution function.

getrhe Gets the Earth to heading system rotation matrix.

gmisld Retrieves missile characteristics data.

grdrc Gets radar characteristic data for the conscious pilot’ s aircraft.

grdrs Gets radar status data for the conscious pilot’ s aircraft.

indupk Unpacks 4 arguments from a single alternative descriptor word.

lockan Determinesif agiven radar antennaislocked on a specified target.

markov Model that determinesif a pilot will shift the radar pattern position.

match Finds match of element to alist of numeric elements.

mystor Returns the number of each weapon type for a given aircraft.

nabort Aborts run and prints out error messages.

olistv Places record in list memory to a format not needing to remember
the record length.

plantm Schedules an event at the indicated time.

plt rdr_swch  Plantsaradar switch change event when the pilot wishes to change
the radar switch settings.

prnpos Prints relative position of aircraft to the log file.

rdr_cen _tgt Computes aradar pattern centered over atarget.

rdrlos Converts azimuth and elevation in radar heading frame into LOS
vector in Earth frame.

twspat Selects the best TWS pattern from the available set.

udrbe Rotates a matrix about an arbitrary axis.

vecinc Adds multiple of one vector to another.
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vimax Finds the largest element of an array.
vnorm Generates a unit vector in the desired direction.
vpoint Generates a unit vector along a given elevation and azimuth or visa
versa,
vsub Performs a simple vector subtraction.
vxfrmc Transforms vectors as specified by an orientation matrix.
xmit Moves or initializes a block of numeric data.

The principal data structures (common blocks) involved in the radar selection process are
described below.

[antsta/ Holds non-pilot-controllable elements of the radar status for a single
radar antenna.

lextst/ Stores the external status of all aircraft.

[fcstat/ Holds local fire control related variables for asingle aircraft.

/mind3/ Holds the pilot's perception of physical states and assessment of
relationships with other entities.

/mind3a/  Stores error information on observed aircraft.

/mindms/  Holds mental model perception of missiles.

/mindpr/  Holds production rule variables that influence pilot decisions.
/mindr/ Stores mental model variables associated with pilot’s radar.
/ppost/ Holds results of the pilot posture decision.

/rdrdat/ Holds reference data for a single aircraft radar device.
/rdrsta/ Holds the radar internal status.

[rdrsws/ Holds the radar switch status, i.e. pilot controllable parts of the radar
status.

[rrfixd/ Holds the fixed radar data for a single antenna.
[rrsttd/ Holds the STT datafor a single antenna.
[rrtwsd/ Holds the TWS data for a single antenna.

Subroutine selrdr isthe executive that handles the simulation of pilot operation of aradar.
The pilot decision model will determine pilot choices for radar mode, pattern and pattern
position. Subroutine selrdr first calls subroutinerrrule to determineif the production rules
will set the radar parametersin place of the pilot decision model. If the production rules do
not control the radar mode, then the value functions are evaluated to determine which radar
mode the pilot desires. Subroutine rrsttv is called to evaluate the value function for being
in STT mode. The value functions for being in scan and TWS modes are evaluated by
calling subroutinevscan. Once aradar mode has been selected, either by the pilot decision
model or through production rules, the desired radar mode is recorded in the pilot’ s mental
model. Subroutine dessca, destws or desstt is called to record the radar mode selection for
scan, TWS or STT mode respectively. Subroutines dessca and destws also determine the
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pilot’ schoicefor desired radar pattern. Subroutinerdrelviscalled to decide where the radar
pattern center should be positioned. Selrdr finishes by calling subroutine plt_rdr_swch to
plant aradar switch event if the desired radar mode, pattern or pattern position is not the
same as the present radar settings.

Subroutine SELRDR

Subroutine selrdr isthe executive routine for radar mode decisions. Selrdr selectsadesired
radar mode, pattern and pattern position. Figure 2.22-1 is the functional flow diagram that
describes the logic used to implement selrdr. The blocks are numbered for ease of
reference in the following discussion.

Block 1. Variables to be used for indexes to refer to scan or TWS radar modes are
initialized based on the number of hostiles on the *bad guys’ list. Referencesto STT mode
later use the number of ‘bad guys' as an index.

Block 2. Test whether the production rules target flag, prdtgt, was set in the production
rules. If yes, goto Block 3. If no, go to Block 4.

Block 3. Set the avionics designated target equal to the production rules target. The
automatic TWS pattern positioning algorithm moves this aircraft to the top of the list of
priority targets. The TWS pattern is positioned to cover as many high priority targets as
possible, so moving thistarget to thetop of thelist will ensurethat it will beinsidethe TWS
pattern.

Block 4. Thisblock represents the top of a DO loop over the number of antennas on this
aircraft’s radar.

Block 5. Subroutines grdrc and grdrs are called to get the characteristics and status data
for the current antennain the DO loop.

Block 6. Test whether the antenna is off and not controlled by production rules. If true,
go to block 4 to process the next antenna. |If false, continue to Block 7.

Block 7. Test whether production rules are requesting the use of LPI. If true, set LPI to
the mode requested, otherwise, set LPI to zero.

Block 8. Set the LPI mode equal to the value requested in the production rules. Possible
modes are mindet and rwrdny. In mindet mode, the radar tries to use the minimum power
required to produce a 50% probability of detection by the target’s RWR. In rwrdny mode,
the radar tries to use the maximum power that may be used without triggering the RWR on
the target aircraft.

Block 9. Subroutine rrruleis called to execute user defined code (production rules).

Block 10. Test whether production rules controlsthis antenna. If true, the production rules
have set a radar mode, so skip to block 20 to begin processing the mode selected. If false,
blocks 11-19 are executed to choose a radar mode. Mode selection is determined in this
case by evaluation of value functions for each candidate radar mode. The radar mode that
scores the highest based on the val ue functions becomes the desired radar mode.
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Block 11. Test whether this is the primary antenna. If true, continue processing this
antenna. Otherwise, proceed to block 4 to process the next antenna (only production rules
may currently process non-primary antennas).

Block 12. Test whether there are any hostiles on the ‘bad guy’ list. If true, execute blocks
13-17 to evaluate the STT value function for each *bad guy’. If not, jump to Block 18.

Block 13. Subroutine mystor is called to retrieve the list of the stores on the conscious
pilot's aircraft.

Block 14. Subroutine asstgt is called to get the conscious pilot’ s assigned target from his
flight leader.

Block 15. This block represents the top of a DO loop over the number of hostile aircraft
on the ‘bad guy’ list.

Block 16. Subroutinerrsttviscalledto calculatethevalueof lockingin STT onthe hostile.
Subroutine rrsttv is detailed below.

Block 17. Test whether there are more hostiles on the ‘bad guy’ list. If true, proceed to the
top of the loop (block 15) to process the next hostile.

Block 18. Subroutine vscan is called to calculate the value of being in scan mode and the
value of being in TWS mode. Subroutine vscan is detailed below.

Block 19. Subroutine vmax is called to determine which of the candidate radar modes
scored highest. It takes a list of the values (one for STT on each hostile, and one each for
being in scan or TWS mode) and returns an index to the largest value. This index is used
to indicate the desired radar mode chosen (STT, scan or TWS). Once the desired radar
mode has been recorded in the pilot’s mental model (blocks 21-28), the actual radar mode
will be changed elsewherein Brawler after the appropriate time delay for switch setting has
elapsed.

Block 20. At this point a desired radar mode has been chosen, either through production
rules or through pilot selection. Test whether the chosen radar mode is OFF. If true, record
in the pilot’s mental model the pilot’s desire to turn off the radar (Block 21). Otherwise,
jump to Block 22.

Block 21. Subroutine des rdr_off is called to record in the pilot's mental model the
pilot's desire to turn the radar off. The radar can only be turned on or off through
production rules, so this decision is only made in response to user input.

Block 22. Test whether the selected radar modeis scan. If true, record the pilot’ s desire to
change the radar mode to scan mode into his mental model (Block 23). Otherwise, jJump to
Block 24.

Block 23. Subroutine dessca is called to record in the pilot’s mental model his desire to
change the radar mode to scan. Subroutine dessca is detailed in one of the following
sections.
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Block 24. Test whether the selected radar mode is TWS. If true, record in the pilot’s
mental model his desire to change the radar mode to TWS (Block 25). Otherwise, jump to
Block 26.

Block 25. Subroutine destws is called to record in the pilot’s mental model his desire to
change the radar mode to TWS. Subroutine destws is detailed in one of the following
sections.

Block 26. Test whether the chosen radar mode is STT. If true, record in the pilot’s mental
model his desire to change the radar modeto STT (Block 28). Otherwise, an invalid mode
has been selected, so abort the run and print diagnostic messages (block 27).

Block 27. Subroutine nabort is caled to abort the run due to and invalid radar mode
selection.

Block 28. Subroutine desstt is called to record in the pilot’s mental model his desire to
change the radar mode to STT. Subroutine desstt is detailed in one of the following
sections.

Block 29. Now that the desired radar mode selection has been recorded in the pilot’s
mental model, check for changes in desired radar pattern position. Subroutine rdrelv is
called to set the desired radar pattern position. Subroutine rdrelv is detailed in one of the
following sections.

Block 30. Subroutine selrdr_prf is called to process the radar PRF control.

Block 31. Test whether the desired radar mode, STT target, radar pattern, radar pattern
position or PRF control mode is different from the current setting. If true, plant a radar
switch change event (block 32).

Block 32. Subroutine plt_rdr_swch is called to plant a radar switch change event. The
change event is scheduled to occur 0.2 seconds after the decision is made to change the
radar. This delay smulates delays due to pilot reaction time and due to the time required
for the radar to respond to changesin its switch settings. When the simulation time reaches
this event time the radar switch settings will be changed to match desired radar mode.
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Subroutine RRRULE

Subroutine rrrule handles production rules control of aradar antenna. Figure 2.22-2 isthe
functional flow diagram that describes the logic used to implement rrrule. The blocks are
numbered for ease of reference in the following discussion.

Block 1. Test if production rules control the radar mode selection for this antenna. If
false, return to the calling program. Otherwise, continue to Block 2.

Block 2. Testif the current radar modeis STT. If true, continue to Block 3. If not, jump
to Block 7.

Block 3. This block represents the top of a DO loop over the number of missiles
perceived by the pilot to requireillumination by hisradar. Notethat thisisbased upon pilot
perception and not ground truth.

Block 4. Testif the missile is a semi-active missile and the missile’ s target is currently
locked up in STT mode. If true, go to Block 6. Otherwise, go to Block 5.

Block 5. Test if there are more missiles requiring illumination. If true, process the next
missile (go back to Block 4). If not, jump to Block 7.

Block 6. Ignore the production rule directive (leaving the radar in STT) and return to the
calling routine.

Block 7. Test if production rules are requesting the use of CIC submode. If true,
determine if STT or scan mode has also been specified (Blocks 8-15). If false, jump to
Block 16.

Block 8. Test if production rules have specified STT mode as the desired radar mode. If
true, continue at Block 9. If false, jump to Block 13.

Block 9. Testif thetarget isin the conscious pilot’s mental model. If it isnot, then return
control to the calling routine (without setting a desired radar mode), since the pilot cannot
be told to lock up on atarget if heisnot aware of that target.

Block 10. Testif thetarget isthought to be hostile. If true, set the desired radar mode flag
to STT. If false, set the desired radar mode flag to CIC/scan (don’t want to lock up on a
friendly).

Block 11. Desired radar mode flag is set to ClIC/scan, since the target is not a hostile.
Block 12. Desired radar mode flag is set to STT, since the target is a hostile.

Block 13. Test if production rules have specified scan mode as the desired radar mode. If
true, continue to Block 14. If false, jump to block 15.

Block 14. Desired radar mode flag is set to scan. Return to calling routine.

Block 15. Subroutine nabort iscalled to abort the run dueto an invalid desired radar mode
selection in the production rules.
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Block 16. Test if production rules has specified OFF as the desired radar mode. If true,
continue to Block 17. If false, jump to Block 18.

Block 17. Desired radar mode flag is set to OFF. Return to calling routine.

Block 18. Test if production rules has specified STT as the desired radar mode. If true,
continue to Block 19. If false, check for other desired mode selections.

Block 19. Testif thetargetisin the conscious pilot’s mental model. If it is not, then return
control to the calling routine (without setting a desired radar mode), since the pilot cannot
be directed to lock up on atarget unless heis already aware of that target.

Block 20. Testif thetarget isthought to be hostile. If true, continueto Block 21. If false,
then return to the calling routine (without setting a desired radar mode).

Block 21. Desired radar mode flag is set to STT, since the target is a hostile and in the
conscious pilot’s mental model. Return to the calling routine.

Block 22. Test if production rules has specified scan mode as the desired radar mode. If
true, continue to Block 23. If false, jump to Block 24.

Block 23. Desired radar mode flag is set to scan. Return to the calling routine.

Block 24. Test if production rules has selected TWS/SPOT as the desired radar mode. If
true, continue to Block 25. If false, an invalid selection has been made, jump to Block 25.

Block 25. Desired radar mode flag is set to TWS. Return to the calling routine.

Block 26. Subroutine nabort is called to abort the run due to and invalid radar mode
selection in the production rules.

Update: 12/31/97 2.22-17 BRAWLER

DRAFT



DRAFT

6.3.4.4 » Radar Mode

ASP-11 for BRAWLER

START

1

Radar

Mode Controlled

by PR
?

Current

o®

3
Loop Through Missiles Requiring
lllumination

Radar Mode = Yes———p|
STT /
Yes
No
——No
PR
Y Requested
CIC Mode
?
S No
PR
Desires Yes
STT
od
Target
in Mental No—>®
Mode
?
Yes
)4
Target 11

Thought to be
Hostile

No—Pp]

Set Desired Mode to
CIC/SCAN Mode

12
Set Desired Mode
to STT

<

Missile
is Semi Active and
its Target is
Locked up in
STT

Yes

A 4

6
Ignore Rules to continue
to llluminate Target

®

FIGURE 2.22-2. RRRULE Functional Flow Diagram (Page 1 of 2).

BRAWLER 2.22-18

DRAFT

Update: 12/31/97



DRAFT

ASP-11 for BRAWLER

6.3.4.4 » Radar Mode

13

?

No

A 4

15
Abort Run
(NABORT)

PR
Desires Radar

18

PR
Desires

STT Mode

—
@< >

PR
Desi 14
U Yes———p| Set Desired Mode to
SCAN
SCAN Mode
Mode

®

17
Set Desired Mode to

23
Yes Desires Yes——p| Set Desired Mode to
b4 SCAN Mode SCAN

20
Target
Thought to
be

Hostile
?

!
®

Yes 25
2'1 Desires TWS or Yes——» Set Desired Mode to
Set Desired Mode SPOT Mode TWS/SPOT
to STT
No
26
Abort Run
(NABORT)
>
®
‘V
RETURN

FIGURE 2.22-2. RRRULE Functional Flow Diagram (Page 2 of 2).

Subroutine RRSTTV

Subroutine rrsttv computes a value associated with being in STT against a particular
aircraft. Early intheroutine, atest ismadeto seeif theradar isaready in STT, but has no
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reason to be. (Thiscan happen if the was supporting amissile that has since failed, and the
pilot has not selected another weapon requiring STT support.) If so, the value for STT is
set to zero and the routine returns. If not, rrsttv evaluates a value function for locking up
in STT on aspecified aircraft. The calculated value is compared in routine selrdr to values
for being in other radar modes. The mode with the highest score is chosen as the desired
radar mode. The value function for locking up in STT consists of 6 components:

where:

viockd

vslct

vslbvr

vbwr

apvalx

rdrvix = vlockd + vslct + vslbvr + vbvr + apvalx + velerr*(vdloc + rvord)

Value reflecting radar lock status for the target under consideration. |f
aready locked, viockd = 4 if the radar is currently supporting at least one
missile, and 4*fmxtgt otherwise, where fmxtgt is the ‘maximum target
factor’ given by

1 - nmhutl/mxtgt_ac. nmhutl is the number of missiles the pilot believes
to be currently in the air against the target, and mxtgt_ac is the maximum
number of missiles allowed by doctrine against that target at any given
time, so fmxtgt rangesin value from 0 to 1. If not already locked on this
target, viockd = 0.

Value awarded if the hostile under consideration was the target selected
for attack in subroutine selwpn. If so, vslct = 7. If not, vslct = 0.

Value awarded if the selected weapon requires support. If vslct = 7 and
the selected weapon has a semi-active seeker or it will be launched
command guided, then valbvr = 3. If not, vdlbvr = 0. Thisextravalueis
only awarded when vslct is nonzero.

Value awarded if the target under consideration is already the target of a
missile requiring semi-active illumination or command guidance from
thisaircraft. If so, vbvr is set to twice theintrinsic value of the target. If
not, vbvr = 0.

A penalty applied to targets outside the radar azimuth and elevation FOR
limits. This factor is a combination of border functions reflecting strict
and libera criteria. The penalty starts at O for targets within the FOR,
drops to -10 for targets just outside the FOR (between 5 and 30 degrees
out), then drops again to -15 for targets well outside the FOR (more than
40 degrees out in azimuth and/or elevation).

velerr* (vdloc + rvord) =Vaue associated with trying to lock up. If the radar is already

attempting to lock on this target, vdloc is set to fmxtgt. If not,
vdloc is set to 0. If the conscious pilot has been ordered to
attack the target, rvord is set to fmxtgt. If not, rvordisset to 0.
Velerr isamultiplier that reflects uncertainty in elevation, so
it lowers the value of trying to lock on atarget whose position
is poorly known.
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Figure 2.22-3 is the functional flow diagram that describes the logic used to implement
rrsttv. The blocks are numbered for ease of reference in the following discussion.

Block 1. Test if the radar antenna being considered is the primary antenna. If not, abort
(Block 2) because only primary antennas are currently controlled by rsttv (non-primary
antennas may only be controlled through production rules). Otherwise, continue processing
the STT value function (Block 3).

Block 2.  Subroutine nabort is called to abort the run due to an attempt to control a non-
primary antenna.

Block 3. Current lock status (locked, trying to lock, not locked and not trying to lock) and
timetolock aredetermined. If the current radar modeisSTT and the D of thetarget aircraft
matches the ID of an aircraft that the pilot islocked on, then the locked flag is set equal to
2 (locked on) and the time until lock isset equal to zero. If the antennais aready attempting
to lock, and the ID of the target aircraft isthe same as the ID of the aircraft that it istrying
to lock on, then the locked flag is set equal to 1 (trying for lock) and the time until lock is
set to the earliest time to lock minus the current time. Otherwise the locked flag is set to O
(not locked and not trying to lock) and the time until lock to the average time required to
for this antenna to achieve lock.

Block 4. Subroutines vecinc and vsub are caled to compute range and range rate
projectionsfrom the conscious pilot’ saircraft to the target aircraft. Subroutine vecinc takes
the conscious pilot’s position and velocity and projects the position forward in time to the
estimated lock time. Vecinc is called a second time to project the target aircraft’ s position
to the same time. Subroutine Vsub is then called twice, once to find the difference in
velocity between the conscious pilot’ s aircraft and the target aircraft, and a second time to
find the difference in position between the two aircraft. Range is calculated as the
magnitude of the position difference. Range rate is calculated using the dot product of the
velocity difference and the position difference, divided by the projected range.

Block 5. Thisblock represents the top of aDO loop over al of the missiles perceived by
the pilot as requiring support from his aircraft at the current time.

Block 6. Testif the hostile under consideration is the target of the missile. If true, go to
Block 7. If false, process the next missile requiring support.

Block 7.  Set the support flag to true.

Block 8. Testif themissileisasemi-active missile. If true, continue at block 9. If false,
go to Block 10.

Block 9. Set semi-active flag to true.

Block 10. Test if there are more missiles requiring illumination to be considered in this
loop. If true, return to the top of the loop (block 5).

Block 11. Test whether to bypass scoring for this target. The value function for being in
singletarget track against thistarget will be set to zero in caseswhere TWSisavailable and
theradar isalready in STT on this target, but there are no semi-active missiles airborne or
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selected for firing against thistarget. If thisisthe case, thevaluefor STT is set to zero and
the routine returns.

Block 12. The‘maximum targeted factor’, fmxtgt, is determined. fmxtgt is defined above.

Block 13. Testif the current lock designation is equal to one (trying for lock). If true, go
to Block 14. If false, go to Block 15.

Block 14. Set vdloc = fmxtgt.

Block 15. Test if the current lock designation is equal to two (already locked). If true, go
to Block 16. If false, go to Block 19.

Block 16. Set viockd = 4.0

Block 17. Test if target under consideration already has missiles fired against it that
require support. If not, go to Block 18. If so, jump to Block 19.

Block 18. Multiply viockd by fmxtgt to lessen the value of locking up on a target that is
already under attack by other weapons.

Block 19. Test if the conscious pilot’s aircraft has any weapons available. If no weapons
are available, go to Block 20. If there are weapons, go to Block 21.

Block 20. Set the elevation penalty, velerr, to zero. Note that the entire score for STT is
not set to zero under this condition, asthere may be weaponsintheair that still require STT
support.

Block 21. Test if the conscious pilot has already locked up on the target aircraft. If true,
continue to Block 22. If false, jump to Block 23.

Block 22. Set velerr = 1.0, rtgo to the current range to the target, and ttgo to 0.

Blocks 23-33 calculate the elevation uncertainty penalty when the conscious pilot has
weapons and is not already locked up on the target. First the probability of missing the
target with the scan volume is calculated, then an engagement time scale is set up and the
elevation uncertainty penalty is calculated.

Block 23. The extent of the scan up and down in elevation, elwid, is calculated using the
number of bars, bar width and the beam spread between half power points.

Block 24. Test the value of the perfect information flag. If true, go to Block 25. If false,
go to Block 26.

Block 25. The probability of missing the target with the scan volume is calculated as a
Cauchy function, based on the time since last observation and the perceived elevation rate
of the target.

Block 26. The probability of missing the target with the scan volume is calculated as a
normal function, based on trand ating the altitude uncertainty into an elevation uncertainty.
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The next block of code computesthe valueif velerr. The purpose hereistoimposealarger
penalty for situations where thereislittle time available to search for the target whiletrying
to obtain lock. First, an estimate is made of ttgo, the time required to achieve lock, based
upon the frame time of the radar in scan mode and the probability of missing the target with
the scan pattern. Next, an estimateis made of rtgo, what the rangeto the target will bewhen
lock is achieved. Then tusabl, the amount of time available to engage after lock, is
computed by dividing rtgo by therangerate. A weapon range, scnimy, is determined based
upon the range of the currently selected weapon or the longest range weapon available if
no weapon is currently selected. Finally, the engagement time scale is computed as scnlmx
divided by 2000 ft/sec.

At this point, we have an estimate of the time that will be available after achieving lock and
an estimate of the time taken for our weapon of choice to reach its target if fired near its
maximum range. velerr is computed using a border function of the difference between
tusabl and .7* tscale, with awidth of .3*tscale. The intent isthat if lock can be achieved
well before the missile needs to be fired, the penalty for trying to achieve lock should be
small. If lock probably cannot be achieved in time, the penalty should be increased.

Block 27. The frame time is calculated using the scan volume, scan rate and time delay
between bars.

Block 28. tusabl isdetermined by first computing ttgo as the minimum of 12 seconds or
(2 frame times divided by 1-pmiss), where pmiss is the estimated probability that the pilot
will missthetarget when positioning the scan pattern. Next, rtgo iscomputed asthe current
range to the target plus the range rate times ttgo. Note that range rate is negative for a
closing target. Finally, tusableis computed as the maximum of rtgo and 0.1 divided by the
maximum of 0.1 and the negative of the range rate.

Block 29. Testif the selected weapon isamedium range BVR missile. If true, go to Block
30. If false, goto Block 31.

Block 30. Set scnlmx to the range of the selected weapon.
Block 31. Set scnimx to the range of the longest range available weapon.

Block 32. The engagement time scaleis calculated as scnimx divided by atypical head on
closure rate of 2000 ft/sec.

Block 33. The elevation uncertainty penalty is calculated using a smoothed step function
(border function). It isdriven by the amount of timeleft until afiring opportunity is present.
If alot of timeisavailable before afiring opportunity is present the penalty approachesits
maximum value of one. Once the usable time is less than 70% of the engagement time
scale, the penalty function works its way to its minimum value of zero. Since velerr is
applied as a multiplier to a positive score, a value of 1.0 means that no penalty is applied
and avalue of zero means that the maximum penalty is applied.

Block 34. Testif the pilot believesthat there are any missilesaready in theair against this
target that require support. If there are, go to Block 35. If not, go to Block 36.

Block 35. vbvrisset to 2 timesthetarget’ sintrinsic value.
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Block 36. Test if the antenna isin STT mode on this target. If not, go to Block 37. If
antennaisin STT, go to Block 39.

Block 37. Normalized coefficients are calculated using a border function based on the
distances to the elevation and azimuth gimbal limits. One set of coefficients is computed
that becomes large as soon as the target passes outside the azimuth or elevation limits of
the antenna FOR. The other set becomes large as the target gets more than 30 degrees
outside the FOR limits.

Block 38. The coefficients are combined to determine apval x, the overall penalty for being
outside the radar aperture.

Block 39. Test if the conscious pilot has a selected target and his selected weapon is a
missile. If true, go to Block 40.

Block 40. Set the launch mode Inchm to the actual or desired launch mode of the selected
missile, whichever is set.

Block 41. The ‘need_stt flag’ variable is set to true if the missile will have a semi-active
seeker on at launch or if STT lock is arequirement to fire the missile in the chosen launch
mode. Otherwise, it isset to false.

Block 42. The‘need _stt flag’' variableisset to false.

Block 43. Test if the antenna has TWS capability, the target being considered is not the
selected target or the ‘need_stt_flag’ variableisfase. If all three conditions are true, go to
Block 44. Otherwise, go to Block 46.

Block 44. Test if the missileis a semi-active missile. If not, go to Block 45. If itis, goto
Block 52.

Block 45. Set vbvr to zero. Thereason isthat STT is not required and TWS is available.
TWS is preferred, since it provides wider situation awareness while also providing the
required missile support.

Block 46. Test if the target isthe target selected in subroutine selwpn. If true, go to Block
47. 1f not, go to Block 50.

Block 47. Setvslctto 7.

Block 48. Test if the weapon will be fired with a semi-active seeker on or if it will be
launched in acommand guided mode. If either condition istrue, go to Block 49. If not, go
to Block 50.

Block 49. Set vslbvr to 3.

Block 50. Test if the target was assigned by the conscious pilot’s flight leader. If true, go
to Block 51. If not, go to Block 52.

Block 51. Set rvord to fmxtgt.
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Block 52. Thefinal composite value for STT mode, rdrvix, is computed according to the
formula given at the beginning of this section.
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Subroutine VSCAN

Subroutine vscan computes scores for being in scan and TWS radar modes. Each cal culated
valueiscompared inroutine selrdr to valuesfor being in other radar modes. The mode with
the highest valueis selected asthe desired radar mode. The value function for being in scan
mode consists of 2 components; targets existing within scan range and the relative size of
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the scan and TWS scan volumes. The value function for being in TWS mode consists of
the same two components as the scan value function plus an additional component for
existing tracksin thetrack bank. Figure 2.22-4 isthe functional flow diagram that describes
the logic used to implement vscan. The blocks are numbered for ease of reference in the
following discussion.

Blocks 1-9 are used to calculate the first component of the scan and TWS value functions.
The first component is based on number of hostiles within the scan range, weapon range
and minimum range to hostiles.

Block 1. Testif thepilotisaware of any hostiles. If yes, goto Block 2. If no, goto Block
3.

Block 2. Thevalue of the first component of the scan value function is set equal to ahigh
value (20).

Block 3. Testif the conscious pilot has selected aweapon. If so, go to Block 4. If not, go
to Block 5.

Block 4. The range scale, scnimy, is calculated as the maximum of the nominal selection
range, sictr, for the selected weapon and arange function given by:

ppmrmx*ppm_rpeak - rdot*(dtloc + 10)

where:
ppMrmx = Max range of the selected weapon.
ppm rpeak = Fraction of max rangethat definesthe “heart” of the envelope.
rdot = Rangerate between attacker and target. Rdot is negative for a
closing geometry.
dtloc = Average time required for this antennato achieve lock.

In other words, thisis an estimate of the shortest range that still allowstime to lock up the
radar and take a good shot.

Block 5. Therangescaleis calculated as the selection range of the longest range weapon
on board. A DO loop encompassing al weapons is executed to find the longest range
weapon. If the current weapon in the loop has a range greater than the saved range, the
saved range is replaced by the current weapon’ srange. When the loop has been completed,
the saved range will be the longest available weapon range.

Block 6. The value of the first component of the scan mode value function is calcul ated
using a border function (a smoothed step function ranging from 0 to 1). The value of being
in scan will be set to 20 times the border function. The border function will approach a
value of 1 when the minimum range to hostilesis greater than the range scale calculated in
Block 4 or 5. The border function will approach a value of 0 when minimum range to
hostiles is |ess than the weapon range. The value for the first component of the scan mode
value function will be between 0 and 20. The intent of this component is to award a high
valueto scan mode when all known hostiles arefar enough away that thereis plenty of time
to change to STT, obtain lock, and fire a weapon.
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Block 7. Testif the radar antenna has TWS capability. If true, go to Block 8. If false, go
to Block 9.

Block 8. The value of the first component of the TWS mode value function is set equal
to the value of the first component of the scan mode value function.

Block 9. The value of the first component of the TWS mode value function is set equal
to O, since this antennais not TWS capable.

Blocks 10-15 are used to cal culate the second component of the scan mode and TWS mode
value functions. Since the first component of the scan/TWS mode value functions may be
the same (block 8), the second component may be the differentiator between the two
modes. The second component is based on the scan volume of each mode and is intended
to reward radar modes that provide the widest situation awareness.

Block 10. The scan volume for scan mode is calculated from the radar pattern parameters
(azimuth halfwidth angle, the bar width, number of bars, etc.).

Block 11. The scan volumefor TWS modeis calculated from the radar pattern parameters
(azimuth halfwidth angle, the bar width, number of bars, etc.). If the radar does not have
TWS capability, the TWS scan volumeis set to 0.

Block 12. A determination is made whether TWS or scan has a smaller scan volume. The
index ismwill point to the mode (scan or TWS) with the smaller scan volume. The index
ibig will point to the radar mode (scan or TWS) with the larger scan volume.

Block 13. The time constant, trdrin, for information loss since last the update is
calculated. If the antenna is in scan mode, the time constant will be the maximum of 10
seconds or three frames. If it is TWS mode, the time constant will be the sum of 2 + the
number of consecutive frames in which detections made are required to establish a track,
multiplied by the nominal frametime. Thisisthen used to compute adecay factor given by:

decay = exp(-(time-trdrup)/trdrin)

where:

time current simulation time
trdrup = time at which this decision was last made for this radar
trdrin time constant cal culated above

Block 14. Normalized scores, vrvol, are recomputed for transition to scan or TWS in
several steps. First, the score for the mode with the smaller volumeisreduced by the decay
factor to reward transitioning to the mode with the larger volume. Next, if the antennais
currently in STT or off, the scores for both modes are increased by one minus the decay
factor to reward transitioning to either mode. Finaly, if the antenna is currently in the
smaller mode, the value of the larger mode is increased by one minus the decay factor.

Block 15. The value of the second component of the scan mode and TWS mode value
functions are calculated based on their scan volumes and the normalized scores computed
above. The mode with the larger volume receives a value given by:
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wt*(vols(ism)*vrvol(ism) + (vols(ibig) - vols(ism))*vrvol(ibig))
and the mode with the smaller volume receives a value given by:

wt*vols(ism)*vrvol(ism)

where:
wit = aconstant weighing factor for scan or TWSvs. STT, set to 0.16
vols = scanvolume, indexed by radar mode
vrvol = normalized score, indexed by radar mode

ism = index of modewith smaller scan volume
ibig index of mode with larger scan volume

The net effect is to give added value to either mode if the radar antennais off or in STT,
and to give additional value to the mode with the larger search volume as afunction of how
much larger the volume is and how long it has been since the antenna was last in that
volume.

Blocks 16-50 are used to calculate the third component of the TWS value function. Vaue
isbeingin TWS mode for each established aircraft and missile track in the TWStrack bank.

Block 16. Test if the radar has TWS capability. If no, go to Block 17. If yes, go to Block
18.

Block 17. dvtws, the value of the third component of the TWS value function is set equal
to 0.

Block 18. Subroutine ftkany is called to retrieve tracks from aradar device.
Block 19. Thisblock represents the top of a DO loop over the number of radar tracks.

Block 20. Test if the radar track is an established track. If true, go to Block 21. If false,
get the next radar track.

Block 21. Test if the radar track is an aircraft track. If yes, go to Block 22. If no, go to
Block 23.

Block 22. The counter for established tracks isincremented by one.

Block 23. Testif theradar track isamissiletrack. If yes, goto Block 25. If no, goto Block
24.

Block 24. Subroutine nabort is called to abort the run and print diagnostic messages. The
run is aborted because the radar model only detects and tracks aircraft and missiles, and this
track is neither an aircraft or amissile track, indicating an error.

Block 25. This block represents the top of a DO loop over the number of missilesin the
track.

BRAWLER 2.22-32 Update: 12/31/97

DRAFT



DRAFT

ASP-11 for BRAWLER 6.3.4.4 « Radar Mode

Block 26. Test if the pilot believes that the missile is targeted at him. If yes, go to Block
27. 1f no, check the next missile in the track.

Block 27. The counter for established tracks isincremented by one.

Block 28. Test if there are more missiles remaining in the track. If true, process the next
missile (go back to Block 25). If false, go to Block 29.

Block 29. Test if there are tracks remaining. If yes, go to Block 19 to process the next
track. If no, go to Block 30.

Block 30. Initialize variablesto be used below. Thevaluefor dvtws, the third component
of the TWS mode value function, isinitialized to equal 0.01667 times the lesser of 3 or the
number of established tracks. Inchm, the launch mode of the selected weapon is set to the
actual launch mode if a missile is being fired, the expected launch mode if one has been
selected but not yet fired, or zero if no weapon has been selected.

Block 31. Testif the selected weaponisamissile. If yes, goto Block 32. If no, goto Block
37.

Block 32. Subroutine gmisld is called to retrieve missile data for the selected missile.

Block 33. Test if TWS should receive additional bias to support an attack. Thistest is
done in two parts. The first part sets the flag noneed_stt, which is true if the selected
weapon will not have a semi-active seeker on at launch and the intended launch mode does
not require STT to fire. The second part sets the flag bias_twsto true if noneed_stt istrue
and if thepilot isin missile mode 1 or 2, indicating that either the pilot hasinterest in firing
or that ashot isimminent. Theintent isto biasthe pilot toward selecting TWS mode when
heistrying to line up a shot that does not explicitly require STT. If bias twsistrue, goto
Block 34. If false, go to Block 37.

Block 34. Increase dvtws by 7.

Block 35. Test if the selected missile will be fired command guided. If true, go to Block
36. If not, go to Block 37.

Block 36. Increase dvtws by 3.

Block 37. Testif the pilot has a selected target. If true, go to Block 38. If not, go to Block
41.

Block 38. Subroutine lockan is called to determine if the radar antenna is locked on the
target or has an established TWStrack. In either case, the variablelockd is returned with a
vaue of 2.

Block 39. If lockd =2, goto Block 40. If not, go to Block 41.
Block 40. Increase dvtws by 1.

Block 41. Subroutine asstgt is called to retrieve the assigned target from the pilot’ s flight
leader.
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Block 42. Test if the pilot has been assigned a target. Thisis actually a two-part test on
variables aidord and virtl. aidord isthe tail number of the assigned target, and is nonzero
if an assignment has been made. virtl isalogical flag that indicates that thisisa*“virtual”
target assignment, which means that the conscious pilot has been ordered to cover another
aircraft that was ordered to make the actual attack on aidord. If aidord isnonzero and virtl
isfalse, go to Block 43. Otherwise, go to Block 44.

Block 43. Increase dvtws by 1.

This next block of code adds valueto TWS to reward supporting command guided missiles
that have not yet acquired their targets. An incremental value is computed for each target
under attack by thisaircraft. Thisbegins at the intrinsic value of the target, but is reduced
by one-half for each already acquired missilethat is currently airborne against it. Then, for
each command guided missile being supported by this aircraft, the value of its target is
added to dvtws. If thetarget isunder attack by more than one command guided missile, the
amount added to dvtws is reduced by one-half for each successive missile.

Block 44. Testif there are any command guided missilesfrom thisaircraft currently in the
air. If so, gotoBlock 45. If not, go to Block 51.

Block 45. Anincremental target value is created for each hostile to determine how much
additional value should be awarded to the TWS mode value function for each unacquired
command guided missiletargeted at it. Thetarget valueisinitialized to thetarget’ sintrinsic
value.

Block 46. The intermediate target value is reduced by 50% if another missile has already
acquired the target. A DO loop over each acquired missile is executed to reduce the target
valuefor that target. Thereasoning hereisthat the presence of autonomous missiles against
thistarget lessens the need to aso support command guided missiles.

Block 47. Thisblock represents the top of a DO loop over the number of BVR missiles.

Block 48. An additional value equal to half the target value is added dvtws if the missile
is command guided.

Block 49. The target value for the missile’s target is reduced by 50%, in case there is
another unacquired BVR missile on the list targeted against it.

Block 50. Test if there are more unacquired command guided missiles on the list. If true,
return to the top of the loop (block 47) to process the next missile.

Block 51. The composite value for being in scan mode is calculated by adding the viscan
and dvinfo(scan) components computed above. The composite value for being in TWS
mode is calculated by adding the valtws, dvinfo(tws), and dvtws components computed
above.
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Subroutine DESSCA

Subroutine dessca records the desire for the radar to be in scan mode. Figure 2.22-5 isthe
functional flow diagram that describes the logic used to implement dessca. The blocks are
numbered for ease of reference in the following discussion.

Block 1 Variablesthat have to do with desired radar mode areinitialized, they will have
values calculated later in the routine. The radar characteristics and status data are retrieved
from memory for this antenna by calling subroutines grdrc and grdrs.

Block 2  Test if the production rules control the radar mode. If true, go to Block 3. If
false, goto Block 7.

Block 3 Testif the radar mode desired by the production rules is scan mode. If true, go
to Block 5. If false, go to Block 4.

Block 4  Subroutine nabort is called to abort the run and print diagnostic messages. This
situation should never occur and would indicate an error condition.

Block 5 Flags are set to indicate whether changes in desired radar mode and submode
have been requested. This is done by comparing the desired values recorded from the
previous decision with the values desired now. Changes will be recorded in desired mode
and in any of the submodes; CIC, burst, or velocity search.

Block 6 Once changes in desired mode and submode have been recorded, the variables
that hold desired values are reset to record the new values.

Block 7  Flags are set to indicate changes in the desired mode and submode by the pilot
model. Thisis done by comparing the desired values recorded from the previous decision
with the values desired now. Changes will be recorded in desired mode and in any of the
submodes; CIC, burst, or velocity search.

Block 8 Once changes in desired mode and submode have been recorded, the variables
that hold desired values are reset to record the new values. Note that all submodes are set
to false, since the default logic does not request these. They must be explicitly requested
via production rules.

Block 9 Test if production rules control the antenna pattern. If yes, go to Block 10. If
no, go to Block16.

Block 10 Checksare madeto seeif the pattern center has changed in azimuth or el evation.
A significant change is declared if the difference between the old and new valuesis larger
in magnitude than 0.01 times the average of the old and new values. Thistest is applied
separately to the azimuth and elevation values.

Block 11  Once changes have been tested for, record the new desired azimuth value.
Block 12 Once changes have been tested for, record the new desired elevation value.

Block 13 Check for changes in either the desired number of bars or the desired pattern
azimuth halfwidth.
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Block 14 Record the new desired number of bars.
Block 15 Record the new pattern azimuth halfwidth.

Block 16 Test if the desired radar mode has changed. If yes, goto Block 18. If no, goto
Block 17.

Block 17 Recordinthe pilot’smental model, that there are no desired changesto the radar
pattern or radar pattern position (since the desired radar mode has not changed).

Block 18 Set flagsindicating a new desired pattern and new desired pattern position.

Block 19 Testif the CIC submode was requested by production rules (see block 5 above).
If yes, go to Block 21. If no, go to Block 20.

Block 20 CIC mode was not desired, so set the desired number of bars, azimuth half
width, azimuth of pattern centroid and elevation of pattern centroid to the default valuesfor
scan mode. These values were read in from the SCNRI O file during initialization.

Block 21 CIC mode is desired, so set the desired number of bars, azimuth half width,
azimuth of pattern centroid and elevation of pattern centroid to the default values for CIC
mode. These values were read in during initialization as part of the radar’ s characteristics
data.

Block 22 Test if anew desired pattern position was chosen. If yes, go to Block 23. If no,
go to Block 24.

Block 23 Subroutine vpoint is called to convert the desired pattern centroid azimuth and
elevation to a LOS vector in radar heading coordinates. Radar heading coordinates is a
coordinate system with it X axis pointed out the aircraft’ snoseand its Y axisparallel to the
ground and pointed to theright. Subroutine getrheis called to cal cul ate the earth to heading
rotation matrix. Subroutine vxfrmc isthen called to transform the LOS vector from heading
coordinates to earth coordinates, thisis the desired pattern direction, antdird.

Block 24 Testif anew radar pattern position is desired and if the production rules are not
controlling the radar pattern. If yes, go to Block 25. If no, return.

Block 25 Reset tmkvsh, the time that the scan pattern was last shifted, to the current
simulation time.
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Subroutine DESTWS

Subroutine destws records the desire for the radar to bein TWS mode. Figure 2.22-6 isthe
functional flow diagram that describes the logic used to implement destws. The blocks are
numbered for ease of reference in the following discussion.

Block 1. Variablesthat haveto do with desired radar mode are initialized, they will have
values calculated later in the routine. The radar characteristics and status data are retrieved
from memory for this antenna by calling subroutines grdrc and grdrs.

Block 2. Test if the radar antennais TWS capable. If true, continue at Block 4. If false,
go to Block 3.

Block 3.  Subroutine nabort is called to abort the run and print diagnostic messages. This
situation occurs if the desired radar mode is TWS and the radar antenna is not TWS
capable. This is purely a defensive check, as this situation should never occur during
normal operation.

Block 4. Test if the production rules control the radar mode. If true, continue at Block 5.
If false, go to Block 9.

Block 5. Test if the radar mode desired by the production rules is TWS mode. If true,
jumpto Block 7. If false, go to Block 6.

Block 6. Subroutine nabort is called to abort the run and print diagnostic messages. This
situation occurs when the production rules desire aradar mode other than TWS (thisroutine
should only be called when TWS mode is desired).

Block 7. Flags are set to indicate changes in desired radar mode and submode. Thisis
done by comparing the previously desired values with the values desired now. Changes
will be detected in the desired mode and in the CIC, burst, and velocity search submodes.
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If there are changesin the desired values of any of the submodes, the ‘ desire new submode’
flag is also set to true.

Block 8. Record the desired values for radar submodes requested by production rules.

Block 9. Flags are set to indicate changes in desired radar mode and submode. Thisis
done by comparing the previously desired valueswith the valuesdesired now. The'‘desired
new mode’ flag is set to true if the previously desired radar mode is not equal to TWS.
Changes in the desired values of the submodes are detected by recording the previously
desired values for the submodes. This works because the default pilot model will not
request any submodes, resulting in new desired values of ‘false’ for all submodes. If any
submodes were true last time, then this will represent a change. |If they were false, then
there will be no change in their desired settings. If there are changesin the desired values
of any of the submodes, the ‘desire new submode’ flag is also set to true.

Block 10. Record the desired settings for radar submodes requested by the pilot model.
The settings for desired CIC, burst and velocity search submodes are all set to ‘false’.

Block 11. Record TWS as the desired radar mode. Recording this will cause the radar
switches settings to be changed elsewhere in Brawler after an appropriate delay has
elapsed, simulating the time for the pilot to manipulate the actual switches on the cockpit
radar instrumentation.

Block 12. Testif the production rules control the radar antenna pattern. If yes, go to Block
13. If no, go to Block 19.

Block 13. The ‘desire new azimuth center’ flag is set to true if the radar pattern azimuth
center selected by production rules is not equal, within a tolerance, to the current radar
pattern azimuth center. The ‘desire new elevation center’ flag is set to true if the radar
pattern elevation center requested by production rules is not equal, within a tolerance, to
the current radar pattern elevation center. If either of these two pattern position flagsis set
to true, the ‘ desire new pattern position’ flag isalso to true. Thetolerance test used hereis
that a significant change is declared if the difference between the old and new desired
settings differs by more than .001 times the average of the old and new values.

Block 14. Record the desired pattern azimuth centroid specified by production rules.
Block 15. Record the desired pattern elevation centroid specified by production rules.
Block 16. Check for changes in the desired number of bars and azimuth halfwidth of the
TWS pattern. The same fractional tolerancetest is used for azimuth halfwidth as was used
above for pattern positioning. If either of these two pattern flags is set to true, the ‘desire
new pattern’ flag is aso set to true.

Block 17. Record the desired number of pattern scan bars.

Block 18. Record the desired pattern azimuth half width.
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Block 19. Test if achangein the desired radar mode or submode was just detected above
(‘desired new mode’ or ‘desire new submode’ flags set above). If true, go to Block 20. If
false, go to Block 23.

Block 20. Set flagsfor new desired pattern and new desired pattern position to true, since
achange in mode implies a change in pattern and pattern position.

Block 21. Call subroutine twspat to chose the best TWS pattern.

Block 22. Record the desired azimuth half width and number of bars determined from the
best TWS pattern. Also record the default pattern centroid azimuth and elevation.

Block 23. Set the flag for new desired pattern position to false.
Block 24. Subroutine twspat is called to chose the best TWS pattern.

Block 25. Settheflag for new ‘desired pattern’ to trueif the best TWS pattern just selected
Is not the same as the current TWS pattern.

Block 26. Record the desired azimuth half width and number of bars determined from the
best TWS pattern. Also record the pattern centroid azimuth and el evation to be the same as
the current pattern centroid azimuth and elevation.

Block 27. Test if a new desired pattern position was chosen. If true, go to Block 28. If
false, go to Block 29.

Block 28. Subroutine vpoint is called to convert the desired radar pattern centroid azimuth
and elevation to a L OS vector. Subroutine getrheis called to calcul ate the earth to heading
rotation matrix. Subroutine vxfrmc isthen called to transform the L OS vector from heading
coordinates to earth coordinates, thisis recorded as the desired antenna direction.

Blocks 29-35 perform a check to make sure that the TWS pattern chosen is valid.

Block 29. This block represents the top of a DO loop over the number of valid TWS
patterns.

Block 30. Testif thedesired TWS pattern matchesthis TWS pattern. If true, set avariable
indicating that a match was found and which pattern was matched. If false, continue
checking against valid TWS patterns.

Block 31. Test if more valid TWS patterns remain to be tested against. If true, check the
next valid TWS pattern with the desired TWS pattern (go back to Block 29). If false, go to
Block 32.

Block 32. Subroutine nabort is called to abort the run and print diagnostic messages. This
situation occurs when all the valid TWS patterns have been tested against the desired TWS
pattern and no match was found.

Block 33. The desired TWS pattern matched a valid TWS pattern, so save the pattern
number of the matched pattern.
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Block 34. Test if production rules control the radar pattern and if the desired production
rules pattern does not match any valid TWS patterns. If true, abort the run. If false, record
the desired TWS pattern in the pilot’s mental model.

Block 35. Record the desired TWS pattern.

Block 36. Testif anew radar pattern position isdesired and if the production rules are not
controlling the radar pattern. If true, go to Block 37. If false, return.

Block 37. Set the time that the scan pattern was shifted using the Markov model equal to
the current time (Markov shift time).
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Subroutine DESSTT

Subroutine desstt records the desire for the radar to lock up on a specified target. Figure
2.22-7 isthefunctional flow diagram that describesthelogic used to implement desstt. The
blocks are numbered for ease of reference in the following discussion.

Block 1. Test if the intended target is on the conscious pilot’s target list. If not, go to
Block 2. If so, go to Block 3.

Block 2. Theintended target is added to the conscious pilot’ s target list.

Block 3. Testif STT on the intended target is already desired. If true, go to Block 4. If
false, go to Block 5.

Block 4. The‘new mode requested’ flag is set to false.
Block 5. The ‘new mode requested’ flag is set to true.
Block 6. Record the pilot’s desire for STT mode.

Block 7. Set the desire to lock flag to true and the ‘lock target’ to the intended target’s
ID. Both are variablesin the pilot’s mental model.

Block 8. Testif there hasbeen achangein the desired radar mode (* new mode requested’
flag is set to true). If true, go to Block 9. If false, return.

Block 9. Set thetimethe pilot desired lock (amental model variable) to the current time.
Set the earliest time that lock can be achieved to the current time plus dtloc, the average
time required for this antenna to achieve lock.
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FIGURE 2.22-7. DESSTT Functiona Flow Diagram.

Subroutine RDRELV

Subroutine rdrelv is responsible for determining the desired position of an aircraft radar
antennascan pattern in azimuth and elevation. Figure 2.22-8 isthefunctional flow diagram
that describes the logic used to implement rdrelv. The blocks are numbered for ease of
reference in the following discussion.
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Different logic is used to position the pattern depending upon the desired radar mode.
Blocks 6-28 are used to position the pattern for scan mode. Blocks 30-37 are used to
position the pattern for STT mode. Blocks 38-64 are used to position the pattern for
TWS/SPOT mode.

Block 1. Test if the conscious entity is a SAM site. If true, do no further processing in
this subroutine and return control to the calling routine. Otherwise, position the radar
antenna based on the radar mode.

Block 2. Subroutines grdrc and grdrs are called to retrieve the radar characteristics and
status data for the conscious pilot’ s radar.

Block 3. Test if the desired radar mode is ‘OFF'. If true, return control to the calling
routine.

Block 4. Thecurrent desired azimuth and elevation are saved into ‘old’ azimuth and * old’
elevation variables to later test against the new desired azimuth and elevation in order to
determine if asignificant change has occurred in the desired values.

Block 5. Thisblock is a computed go to on the desired radar mode. If desired mode is
scan, go to Block 6. If STT, goto Block 30. If TWSor SPOT, go to Block 40.

Block 6. Set the ‘pilot control’ flag to true. A value of true indicates that the pilot is
controlling radar pattern positioning. Thisincludes production rule control. False indicates
that the radar isautomatically controlling positioning, aswith STT lock or TWS auto mode.

Block 7. Testif theinteractive pilot is controlling pattern azimuth and elevation. If true,
goto Block 8. If false, goto Block 11.

Block 8. Subroutine rdrlos is caled to convert the desired radar pattern azimuth and
elevation into an earth frame L OS vector.

Block 9.  Subroutine vxfrmciscalled to convert the earth frame L OS vector to the heading
frame.

Block 10. The heading frame azimuth and elevation angles are calculated from the LOS
vector. Proceed to block 27 to determineif the new pattern positionissignificantly different
from the old position.

Block 11. Test if the production rules control the radar pattern azimuth and elevation. If
true, go to Block 12. Otherwise, go to Block 13.

Block 12. The desired radar pattern azimuth and elevation angles are set to the values
provided by the production rules. Desired antenna pattern position in earth coordinatesis
then computed viaacall to subroutine rdrlos.

Block 13. Testif the conscious pilot has selected atarget. If true, go to Block 14. If false,
go to Block 15.

Block 14. Subroutine rdr_cen_tgt is called to attempt to center the radar pattern over a
particular target. For the first two frame times the radar is centered on the pilot’s estimate
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of the target position. After that time, if the target has not been detected by the radar, the
pilot will periodically move the pattern around the estimated target location in an effort to
find it.

Block 15. Testif thepilot isfollowing GCI vectors. If true, go to Block 16. If false, goto
Block 23.

Block 16. The azimuth and elevation to the hostiles is calculated using geometry and the
GCI information (bearing, atitude and range to hostiles).

Block 17. Test if the calculated elevation angle to the hostiles is undefined. This may
happen if the conscious pilot is too close to the target, since we are mixing geometry sent
to us from GCI, that may have errors associated with it, with the pilot’s perception of
position, that may also have errors associated with it. If true, go to Block 18. If false, go to
Block 20.

Block 18. Subroutine markov is called to determine if a pattern shift isin order. If it has
been an average of 45 seconds since the last shift, the pattern will change, i.e. the pilot will
shift the center of the pattern by +30 degrees in azimuth and + one pattern height in
elevation. When a shift is made outside of the “assigned” region, then the next time the
pattern is shifted, the pilot will return the scan to the assigned region 60% of the time.

Block 19. Subroutine rdrlos is called to calculate the LOS vector in earth frame from
azimuth and elevation in the heading frame.

Block 20. The earth frame LOS vector is calculated from the GCI information using the
azimuth and elevation angles computed in Block 16.

Block 21. Subroutinevxfrmciscalledto convert the earth frame L OS vector to the heading
frame.

Block 22. The heading frame azimuth and elevation angles are calculated from the LOS
vector. Proceed to block 27 to determineif the new pattern positionissignificantly different
from the old position.

Block 23. Pilot isnot following GCI. Test if the radar just dropped back into scan mode.
If true, go to Block 24. Otherwise, go to Block 25.

Block 24. The radar just dropped back into scan, so reset the markov shift timer to keep
from immediately moving the pattern.

Block 25. Subroutine markov is called to determine if a pattern shift isin order. If it has
been an average of 45 seconds since the last shift, the pattern will change, i.e. the pilot will
shift the center of the pattern by +30 degrees in azimuth and + one pattern height in
elevation. When a shift is made outside of the “assigned” region, then the next time it is
shifted, the pilot will return the scan to the assigned region 60% of the time.

Block 26. Subroutine rdrlos is called to calculate the LOS vector in earth frame from
azimuth and elevation angles in the heading frame.
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Block 27. Test if the production rules control the radar pattern position. If the production
rules do not control the pattern position, go to Block 28. Otherwise, go to Block 67.

Block 28. The new desired radar pattern position is compared to the old position (saved in
block 4). If the new pattern center azimuth does not change by more than 2 degrees or the
elevation does not change by more than a half bar width, then set the desired radar pattern
position azimuth and elevation equal to the old (saved) values.

Block 30. This begins the section dealing with STT mode. Test if the radar is already
locked on the target. If true, go to Block 31. If false, go to Block 33.

Block 31. Set the‘pilot control’ flag to false. Thisindicates that the radar is automatically
controlling pattern positioning.

Block 32. The desired radar pattern center azimuth and elevation are set equal to the
current values. If we have lock, we don’t want to move the radar pattern.

Block 33. Set the ‘pilot control’ flag to true. A value of true indicates that the pilot is
controlling the radar pattern positioning.

Block 34. Test if CIC is the desired submode. If true, go to Block 35. Otherwise, go to
Block 39.

Block 35. Subroutine cicang is called to calculate the radar pattern azimuth and elevation
in the CIC reference frame.

There is an error in this subroutine call. The elevation argument returned by the call to
cicang should have a negative sign.

Block 36. Subroutine rdrlos is called to calculate the LOS vector in earth frame from
azimuth and elevation in the CIC frame.

Block 37. Subroutine vxfrmciscalled to convert the earth frame L OS vector to the heading
frame.

Block 38. The heading frame radar pattern azimuth and elevation angles are calculated
from the heading frame L OS vector.

Block 39. Subroutine rdr_cen tgt is called to try to center the radar pattern over a
particular target. For the first two frame times, the radar pattern is centered on the pilot’'s
estimate of thetarget position. After that time, if the target has not been * seen” by the radar,
the pilot will shift the position of the pattern around the estimated target location. Thisends
the STT block. Jump to Block 67.

Block 40. This begins the section dealing with TWS mode. Test if the pilot has selected
atarget. If not go to Block 41. If so, go to Bloc, 42.

Block 41. Subroutine asstgt is called to retrieve the assigned target from the pilot’ s flight
leader, if thereis one.
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Blocks 42-50 determine if the pilot wants TWS in manual or automatic mode. Manual
mode will be selected if 1) The pilot has selected atarget for which there is no radar track
and 2) the pilot hasno missilesin the air being supported by existing tracks. The motivation
for test 2 is to avoid taking manual control and placing the pattern on the selected target
with the risk of losing tracks supporting existing missiles.

Block 42. Initialize the *desire TWS manua mode’ flag to false.

Block 43. Testif thepilot hasaselected target. If true, goto Block 44. If false, goto Block
51.

Block 44. Subroutine anytrk is called to retrieve tracks on the selected target.

Block 45. Testif any tracks exist on the selected target. If yes, go to Block 51. If no, go
to Block 46 to check for tracks that are supporting missiles already in the air.

Block 46. Thisblock representsthetop of aDO loop over the number of missilesrequiring
illumination.

Block 47. Subroutine anytrk is called to get tracks on missile requiring illumination.

Block 48. Test if any radar tracks exist on the target of the missile requiring illumination.
If any tracks exist, do not switch to manual mode (might lose tracks supporting missiles),
jump to Block 51. If no tracks exist, then process the next missile on the list.

Block 49. Test if more missiles requiring illumination exist. If true, proceed to the top of
the DO loop (block 46) and process the next missile. If false, go to Block 50.

Block 50. The ‘desire TWS manual mode’ flag is set to true, since the selected target has
no radar track and there are no missilesin the air being supported by existing tracks.

Block 51. Test if the production rules control the radar pattern. If true, go to Block 52. |If
false, go to Block 55.

Block 52. The desired radar pattern center azimuth and elevation are set equa to the
values supplied by the production rules.

Block 53. Subroutinerdrlosis called to convert the desired azimuth and elevation into an
earth frame LOS vector.

Block 54. The ‘pilot control flag’ is set equal to true. Jump to Block 67.

Block 55. Testif the current TWS statusis manua mode. If true, go to Block 56. If false,
go to Block 62.

Block 56. Test if the mode that the antenna was in at the end of the last consciousness
event was not TWS mode. If true (want to transition to TWS), go to Block 57. If not
(aready in TWS and want to stay there), go to Block 58.

Block 57. The Markov shift timer is reset to the current time to keep from immediately
moving the pattern (it just came back into TWS mode).
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Block 58. The *pilot control flag' is set equal to true (we are in manua mode).

Block 59. Test if the conscious pilot has selected atarget. If true, go to Block 60. If false,
go to Block 61.

Block 60. Subroutinerdr_cen tgtiscalled in an attempt to center the radar pattern over a
particular target. For the first two frame times, the radar is centered on the pilot’s estimate
of thetarget position. After that time, if the target has not been “ seen” by the radar, the pilot
will shift the pattern around the estimated target location.

Block 61. Subroutine markov iscalled to determineif arandom pattern shift isin order. If
it has been an average of 45 seconds sincethelast shift, the pattern will change, i.e. the pilot
will shift the center of the pattern by +30 degrees in azimuth and £ one pattern height in
elevation. When a shift is made outside of the “assigned” region, then the next time the
patternisshifted, the pilot will return the scan to the assigned region 60% of thetime. Jump
to Block 66.

Block 62. Test if the current TWS status is automatic mode. If true, go to Block 64. If
false, go to Block 63.

Block 63. Subroutine nabort is called to terminate the run and print diagnostic messages.
This block is reached if the current TWS status is neither manual or automatic, it must be
one of these.

Block 64. The ‘pilot control flag' is set equal to false (we are in automatic mode).

Block 65. The desired radar pattern center azimuth and elevation are set equa to the
values saved at the beginning of this routine (block 4).

Block 66. Subroutinerdrlosis called to convert the desired azimuth and elevation into an
earth frame LOS vector.

Block 67. Test if the desired radar mode is TWS or SPOT and if the current
manual/automatic mode is different from the desired mode. If both conditions are true, go
to Block 68. If false, go to Block 69.

Block 68. The ‘desired position changed’ flag is set equal to true.

Block 69. Testif the old desired pattern position is different from the new desired pattern
position and the pilot controls the radar. If both conditions are true, go to Block 70.
Otherwise, go to Block 71.

Block 70. The ‘desired position changed’ flag is set equal to true.

Block 71. The ‘desired position changed' flag is set equal to false.

Block 72. The desired radar pattern centroid azimuth and elevation angles are recorded in
the mental model variables radzd and rdelvd.
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2.22.4 Assumptions and Limitations

The pilot decision model only controls primary radar antennas. Radar mode, pattern and
pattern position for secondary antennas can only be changed through production rules.
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The pilot decision model cannot turn on or off aradar device. A radar device can only be
turned on or off through production rules.

A switchology delay is modeled for switching to STT radar mode. A switchology delay is
not modeled for scan or TWS radar modes.

The scan pattern centroid is not shifted unless a significant difference exists (+2 degreesin
azimuth, half bar width in elevation) between the desired pattern position and the current
pattern position.

TWS antennas may have up to 3 different scanning patterns. It is assumed that no two
patterns will have both the same number of bars and the same azimuth half width.

A TWS capable antenna may also have multi-target track (MTT) capability. MTT
capability isonly available for electronically scanned antennas.

CIC submode may only be entered through the use of production rules.
Velocity search submode may only be entered through the use of production rules.

Burst submodeisonly availablefor electronically scanned antennas. It may only be entered
through the use of production rules.

2.22.5 Known Problems or Anomalies

No distinction is made between command guided missiles supported by the radar and
command guided missiles supported by other avionics devices. This may bias the pilot
toward STT when it is not necessary.

Code till exists in the radar control routines to implement interactive pilot control, even
though this feature is now obsolete and not functional. This has no effect upon model
function, but may be confusing to anyone reading the code.

In subroutine rdrelv, there is a sign error in the code that determines the desired pattern
elevation when STT and CIC are the desired mode and submode. The effect of thiswill be
an error in the elevation of the position of the CIC scan pattern. Since CIC mode causes
the radar to scan vertically, and the scan patterns are generally much closer vertically than
horizontally, this error is only expected to cause a problem if the difference in elevation
between the perceived and actual target locationislarge. Otherwise, the radar scan pattern
will still sweep over the target.

A desired scan pattern position is defined when the pilot desiresto lock up in STT, but this
is not used by the radar hardware model, which assumes that the STT pattern position is
centered well enough that the scan will cover the target.
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